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Abstract
Objective To report use of the Vibrant Soundbridge (VSB) in patients with congenital deformation of the
middle and outer ears and investigate its utility in this patient population. Method Four patients with
congenital deformation of middle and outer ears underwent VSB implantation. All were male (aged 3-18
years，average 13.5 years) and operated on the left side. Malformation was bilateral in 3 patients and unilateral
in 1 patient. Surgical techniques were modified to accommodate each patient's unique conditions and needs.
The implant site was approached via the facial recess in 3 patients and through a retro-facial nerve route in
1 patient. The VSB implant was connected to either the stapes (2 cases) or the round window (2 cases).
Pure tone and speech audiometry results and daily communication capabilities before and after VSB activa-
tion were compared. Results The operations were successful in all patients, with no complications. The
patient communication level improved significantly after VSB activation. Average air conduction pure tone
threshold or conditioned reflex audiometry threshold improved by 35 dB in the 0.25-4 kHz range, from 69
dB HL before VSB activation to 34 dB HL after. The sentence recognition rate in quiet at 65 dB SPL went
up to 86% from 0% without VSB for patients with bilateral deformation and remained at 100% for the
patient with unilateral deformity. However, for the latter patient, the rate improved to 20% from 0% without
VSB in noise (-8 dB SNR). Conclusion VSB is an excellent solution for improving hearing in patients with
congenital deformation of middle and outer ears. Operation can be completed and good results can be
achieved even in patients with unique conditions and needs.
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Congenital middle and outer ear deformities often
present together, including microtia, meatal stenosis/atre-
sia and middle ear malformation, usually with conduc-
tive (or mixed in severe cases) hearing loss.With bilateral
hearing impairment, patients may appear retarded some-
times with impaired articulation.Cosmetic effects in
these patients may generate psychological distress.They
need therapies both for hearing and appearance.Meato-
plasty and tympanoplasty are common procedures for
improving hearing, which, however, may not be feasible
in some patients with severe ossicular malformation.
Long term hearing outcomes may also deteriorate from
recurrence of meatal stenosis/atrasia and from lateral
shifting of reconstructed tympanic membrane [1]. Hear-
ing aids are eventually needed in some patients, but air
conduction aids may be difficult to tolerate for some due
to occlusion effects and over-amplification of ambient
noises.
Vibrant soundbridge (VSB) provides a novel hearing
solution for these patients. VSB is a middle ear implant,
with a floating mass transducer (FMT) at its end. Upon
receiving signals, the implant will drive the FMT which
then transduce vibration to the inner ear through the
ossicles or round/oval window, bypassing the ear canal.
This technology meets the need of patients with middle
and outer ear deformities and there have been a number
of reports of VSB implantation in such patients [2-5].
However, VSB in patients with unique conditions or
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special needs in addition to middle and outer ear defor-
mities, such as anteriorly displaced facial nerve, unilateral
ear deformity and needs for both hearing and cosmetics
improvement (needing preservation of local tissues for
future auricular reconstruction), has not been extensively
studied. In this report, we report VSB implantation in a
series of 4 patients with special needs that has resulted in
short term satisfying outcomes.
Patient data and methods
Patient data
VSB was implanted in 4 male patients (aging 3 to 18
years, mean = 13.5 years) with congenital middle and
outer ear deformities between August 2010 and February
2011 by the authors' group. Deformity was bilateral in 3
patients. VSB was implanted on the left side in all 4
patients, before auricular reconstruction in 1 patient and
after in 3 patients. Pre-operative air conduction average
pure tone threshold (or reflex threshold in an uncoopera-
tive young child) over 0.25, 0.5, 1, 2 and 4 kHz was 69
dB HL. Bone conduction thresholds were less than 20
dB HL, except in one patient whose bone conduction
thresholds at 2 and 4 kHz were at 35 and 50 dB HL
respectively. Pre-operative speech discrimination score
in quiet was 0% in all bilateral deformity patients and
100% in the patient with unilateral deformity.
Unusual conditions and special needs: Patient 1 had
anteriorly displaced facial nerve with round window
located medial and posterior to the facial nerve (Figure
1). Patient 2 also had forward facial nerve with the
round window located medial to the nerve and difficult
to expose. The stapes was unusually small. Hearing aid
fitting following left side meatoplasty was not successful
(Figure 2). Patient 3 has small tympanic cavity and was
considering auricular reconstruction following VSB im-
plantation (Figure 3). Patient 4 (the patient with single
side deformity) had deformed stapes in a tight relation to
the posterior wall of tympanic cavity (Figure 4).
Methods
Incision: 1) Extended periauricular incision: in the
young patient needing auricular reconstruction, an
arched 1.5-2.0 cm incision was made as an extension
from the future auricular reconstruction incision; and 2)
post-auricular incision: in patients with completed auric-
ular reconstruction, a post-auricular incision was made
about 0.5 cm from the retroauricular groove.
Surgical approach: 1) Regular facial recess ap-
proach; and 2) retro-facial nerve approach in those in
whom FMT was to be connected to the round window
Figure 1. VSB implantation with round window connection via
retro-facial nerve approach in a patient with bilateral congenital
microtia and meatal atresia following auricular reconstruction.
From left: auricular appearance, temporal bone CT and left side
(implant side) pre- (lower blue line) and post- (upper blue line)
pure tone thresholds.
Figure 2. VSB implantation with stapes connection via facial re-
cess approach in a patient with bilateral congenital microtia and
meatal atresia following auricular reconstruction. From left: auric-
ular appearance, temporal bone CT and left side pure tone thresh-
olds: 1) pre-operative, 2) following meatoplasty, 3) with a hearing
aid, and 4) 1 month after VSB activation.
Figure 3. VSB implantation with round window connection via fa-
cial recess approach in a child with bilateral congenital microtia
and meatal atresia before auricular reconstruction. Upper left: au-




that was medial and posterior to the facial nerve.
FMT connection:connected to the stapes (n=2) or
round window (n=2).
Operative techniques: Anatomy and development of
the inner, middle and outer ears, as well as the course of
facial nerve, were carefully studied on temporal bone CT
images. Incisions were selected depending on if there
were needs for auricular reconstruction. After dissection
of soft tissue and exposure of the mastoid cortex, the
antrum was accessed through the cribriform area. The
facial recess was then identified and opened to expose
the stapes or round window; or the mid or upper tympanic
cavity was opened to expose the ossicles followed by
removal of deformed incus and exposure of the stapes;
or the tympanic cavity was accessed and round window
exposed via an approach posterior to the facial nerve. A
bony groove was made at the occipitotemporal junction
area to accommodate the implant and the FMT was con-
nected to either the stapes or round window. The wound
was then closed.
Post-operative management: Implant was activated
at post-operative 2 months and hearing function was tested
at 1 month after activation. Pre- and post-activation
pure tone (or conditioned reflex in young uncooperative
children) thresholds, sentence discrimination at 65 dB
SPL in quiet, and sentence discrimination at 65 dB SPL
in noise for the patient with unilateral deformity were
compared. Patient was followed up on the phone regard-
ing the use of the implant at post-operative 6 months.
Results
General information
Extended periauricular incision was used in the pre-au-
ricular reconstruction patient while post-auricular inci-
sion was used in the rest 3 post-auricular reconstruction
patients. Facial recess approach was used in 3 patients.
In one of these patients, because the round window was
medial to the facial nerve and not accessible, the FMT
was connected to the small stapes. Retro-facial nerve
approach was used in 1 patient. FMT was connected to
the stapes in 2 patients and to round window in the other
2 patients. Procedures and post-operative recovery were
uneventful, with no complications.
Hearing improvement
Hearing improved significantly upon VSB activation
in the 3 patients with bilateral deformities, with signifi-
cantly improved pure tone (or conditioned reflex) thresh-
olds and speech discrimination scores (Figures 1-3).
Patients were able to engage in everyday life conversa-
tions. The patient with unilateral deformity was also
satisfied with implant results, reporting gaining stereo
sound perception (Figure 4). Average air conduction
pure tone (or reflex) threshold at 0.25, 0.5, 1, 2 and 4
kHz after activation was 34 dB HL, compared to 69 dB
HL before activation, showing a 35 dB improvement.
Average VSB assisted sentence recognition score at 65
dB SPL in quiet in patients with bilateral deformities
was 88% , compared to 0% before implantation. The
score remained 100% in the patient with unilateral defor-
mity, but showed a significant improvement in noise (-8
dB SNR) from 0% unassisted to 20% assisted.
Discussion
The 4 cases reported here all had unique conditions or
special needs (see Patient Data and Methods). Malfor-
mation was severe in 2 patients, with great variations in
anatomical relations among the facial nerve and stapes,
greatly increasing operation difficulties. Auricular recon-
struction was anticipated in 1 patient after VSB implant,
mandating preservation of tissues needed for future
auricular reconstruction. And the patient with unilateral
deformity had high expectations on hearing from the
implant. Fortunately, implants in the 4 patients were all
successful with satisfying results, which would serve as
useful references for treatment planning in future patients
with similar conditions or needs.
Surgery indications. In congenital middle and outer
ear deformities, a reasonable size middle cavity and rea-
sonably developed stapes or round window are usually
required for connection of the FMT to the stapes su-
pra-structure (or connected deformed ossicles) or foot-
plate (oval window) or the round window for best results
[6-9]. In our four patients, only a rudimentary middle ear
cavity was available, with deformed stapes. FMT con-
nection had to be modified but resulted in satisfactory
outcomes in post-activation hearing and speech discrimi-
Figure 4. VSB implantation with stapes connection via facial
recess approach in a patient with left side congenital microtia and
meatal atresia following auricular reconstruction. From left: auric-
ular appearance, temporal bone CT and left side (implant side)




nation in this series (Figures 1-4). For patients with ante-
riorly displaced facial nerve, a retro-facial nerve approach
was adopted and the FMT connected to the round win-
dow. Although this was associated with some complica-
tion risks, satisfactory results were achieved upon implant
activation in this series.
Frequency distribution of hearing improvement.
In the 4 patients in this series, average air conduction
threshold improvement was 45 dB at 2 kHz, 41.3 dB at 1
kHz, 41.3 dB at 4 kHz, 27.5 dB at 0.5 kHz and 20 dB at
0.25 kHz, showing a pattern of better improvement at
higher frequencies than at lower frequencies, consistent
with previous reports [10]. We believe that this is because
FMT vibration is close to the oval or round window (i.e.
near the basal turn that corresponds to higher frequen-
cies). In its propagation toward the cochlear apex, vibra-
tion energy may have dissipated, resulting in lower gains
for lower frequencies.
Effects of FMT connection location on hearing.
The post-implant activation average air conduction
threshold across 0.25, 0.5, 1, 2 and 4 kHz improved by
54 and 30 dB in the 2 patients with FMT connected to
the round window, and by 33 and 23 dB in the 2 patients
with FMT connected to the stapes. One of the 2 patients
with FMT connected to the round window had mixed
hearing loss more severe than other patients, but received
best hearing outcomes with 54 dB average threshold
improvement. Hearing improvement with FMT connect-
ed to the round window appears to be slightly better than
when connected to the stapes. We feel that this may be
due to a more direct transmission of vibrational energy
into the inner ear when FMT is connected to the round
window, whereas transmission into inner ears has to pass
through the stapes when FMT is connected to stapes.
Normally, oval window transmission is superior to round
window transmission [11]. But deformed stapes may result
in decreased transmission efficiency, so actual transmis-
sion will likely depend on the degree of stapes malforma-
tion. In this series, the hearing results in the two cases
with FMT connected to the stapes appear to be consis-
tent to the severity of stapes malformation. Apparently,
any statistically sound conclusion on this issue requires
accumulation of more reliable data.
Incision selection. When VSB implantation is elected
to go first in patients with both hearing and cosmetic
needs, incision must be placed at a location away from
areas that will be used in later auricular reconstruction to
reserve the best possible local tissue condition for future
cosmetic reconstruction. In patients in whom reconstruc-
tion has been completed, a retro-auricular incision can
be used for easy access to middle ear space.
Comparison between VSB and hearing aids. One
patient in this series went through auricular reconstruc-
tion, meatoplasty, hearing aid fitting and finally VSB
implantation. Initially, the benefits from the hearing aid
were similar to those later provided by VSB (although
slightly less as time went on), but the patient could not
tolerate the occlusion effects and feedback noise and
stopped using it. Following activation of VSB, the patient
was able to engage in daily conversation and 65 dB SPL
sentence recognition rate in quiet went from 0% unassist-
ed to 78% (in comparison to the 65% previously with
the hearing aid). This is consistent with the claim that
VSB is superior over traditional hearing aids in existing
reports. Compared to traditional hearing aids, VSB pro-
vides more natural sound quality without echo or occlu-
sion effects. This is especially advantageous in improv-
ing speech discrimination in noisy environment [12, 13].
VSB implantation in single side ear deformity. One
patient in this series had unilateral microtia, meatal atre-
sia and middle ear deformity. Average air conduction
pure tone threshold across 0.25-4 kHz in this patient
after VSB activation improved by 42 dB to 29 dB HL.
The patient’s sentence recognition rate remained 100%,
but sentence recognition rate in noise (-8 dB SNR)
improved from 0% before VSB implantation to 20% after,
similar to the results reported by Frenzel et al of VSB in
patients with unilateral meatal atresia [14]. Most impor-
tantly, the patient was very satisfied with the results,
reporting enhanced stereo sound experiences. When pa-
tients with unilateral middle and outer ear deformities
are engaged in hearing demanding professions or pursue
high quality life, they may have high demands for stereo
auditory function or high quality sound experiences. For
example, while a music professional with unilateral hear-
ing loss may get by in day-to-day communication, he
may still wish for binaural hearing for better sound expe-
riences. Often hearing aids are hard to accept for these
people and VSB may be an effective alternative solution
for them.
To summarize, the use of VSB provides an excellent
hearing solution for patients with congenital middle and
outer ear deformities. Even in potentially difficulties
cases as described in this series, satisfactory results can
be safely achieved with careful selection of appropriate
incisions, operative approaches and FMT connection
sites. VSB indications can thus be expanded to benefit
more patients.
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